suMMARY The effect of coronary artery bypass grafting on global left ventricular ejection fraction and regional contraction was studied in 56 consecutive patients with chronic stable angina pectoris by means of multiple gated ventricular scintigraphy at rest and during dynamic supine exercise before and six weeks after myocardial revascularisation.
The operation carries a low mortality and relieves angina in approximately 85% of patients after surgery.34 Despite a decrease in symptoms and objective improvement in exercise tolerance as shown by treadmill testing,5 6 symptomatic relief of pain does not necessarily imply improved coronary blood flow. Intraoperative infarction and even a placebo effect may be responsible for relief of symptoms. 4 The previously reported effects of coronary artery surgery on left ventricular function are conflicting. Some studies have shown little or no improvement and even deterioration in ventricular function. [7] [8] [9] [10] Conversely others have shown improvement after operation in patients with preoperative exercise induced ventricular dysfunction. -1-13 This variability may in part be because most studies have assessed left ventricular function only at rest and included data Accepd for publication 9 May 1983 obtained at varying times after operation, an important factor that has previously been stressed. ' Blood pressure was recorded at rest and at one minute intervals throughout the exercise study; heart rate and cardiac rhythm were monitored throughout. The study was terminated if angina became progressively severe or with the onset of haemodynamic deterioration or serious arrhythmia. The same symptom limited procedure was repeated six weeks after operation.
Ventricular function was assessed both in terms of global ejection fraction and abnormalities of regional contraction. Left ventricular ejection fraction was calculated as end-diastolic counts minus end-systolic counts divided by background corrected end-diastolic counts. This method employed separate end-diastolic and end-systolic left ventricular regions of interest, with background taken in the region given by the end-diastolic area minus the end-systolic area. This method in our own laboratory compares favourably with contrast angiography (R = 0.95). In keeping with work from our own laboratory and othersl7 resting left ventricular ejection fraction below 0-60 and less than 6% absolute increase in ejection fraction with exercise were considered abnormal. Left ventricular wall motion was assessed by reviewing the scintigraphic data in a closed loop cine format. Semiquantitative assessment was performed by dividing the left ventricle in the left anterior oblique position into five segments (Fig 1) : proximal and distal septal, inferior, and proximal and distal posterolateral, each being assigned a value ranging from three for normal contraction to 0 and -1 for akinesia and paradoxical movement, respectively. The total regional wall motion score was obtained by summation of the segmental values. (Fig 2a) . Left 
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The regional wall motion score at rest was 11-3 + 0*4. It was normal in 15 patients. Thirteen patients had abnormalities of regional contraction in less than two segments, and 28 had abnormal wall motion in three or more segments examined. During exercise wall motion score fell to 7*4 + 0.5 (p < 0-001) (Fig 2b) . Only three patients showed no deterioration of regional contraction with exercise. Two of these showed an abnormal global ventricular response to exercise, ejection fraction increased by only 2*7% in one, and showed a fall of 15.7%h in the other.
POSTOPERATIVE RADIONUCLIDE INVESTIGATIONS-ASYMPTOMATIC PATIENTS
Six weeks after operation 52 patients were asymptomatic and none had pain during exercise testing; they were stopped by fatigue. Some patients continued to receive medication as detailed in the Table. The total workload achieved increased to 4200 + 129 kpm (p < 0.001), representing an 89.80/o increase compared with the preoperative workload. In the group as a whole resting ejection fraction was unchanged after operation, being 0*65 + 0*02 before Taylor, Barber, Crossland, English, Wraight, Petch and 0*64 ± 0.01 after operation (Fig 3a) . Three patients showed a fall in resting ejection fraction of less than 0-06 (range 0-06 to 0.23). Three patients showed an increase in resting ejection fraction (range 0-07 to 0.23); these had a preoperative resting value of less than 0*4. The mean resting wall motion score was unchanged after operation, being 11*3 ± 0'4 before and 11-9 ± 0*4 after (Fig 3b) . One patient showed an improved wall motion score from four to ten; he also showed a preoperative resting ejection fraction of only 0*33 which improved to 0*56 after operation.
During exercise there was an increase in ejection fraction from 0-64 ± 0-01 to 0-72 ± 0.01 (p < 0-001) (Fig 4a) . No patient showed a fall in ejection fraction during exercise. Fourteen patients showed an increase in ejection fraction of less than 0-06 (range 0-01 to 0.04). The relative increase in ejection fraction with exercise after operation was 11-4 ± 0-8% as compared with a fall of 10*9 ± 1*4% before operation (p < 0.001) (Fig 5) . Exercise abnormalities of regional contraction were abolished after, the mean wall motion score being 12-0 ± 0-4 (Fig 4b) .
The presence of previous myocardial infarction had no influence on these results. 5 Relative change in LVEF during exercise before and after CABG in patien free ofangina after operation (DSE, dynamic supine exercise) influenced by improved motivation and training progranmnes. 24 25 The previously reported effects of coronary surgery on left ventricular function are unsatisfactory for a variety of reasons. Many studies include postoperative results obtained at varying time intervals after revascularisation and have included results from the early postoperative period where pronounced sympathetic overactivity has been shown to be present; variations in adrenergic tone may influence ventricular function for at least two weeks after operation, or even longer.26 Often ventricular function has been studied only at rest.1427 The use of contrast exercise ventriculography has been shown to be more valuable than resting studies alone in the evaluation of ventricular function,28 but despite its application after coronary surgery12 13 it is not suited to routine serial evaluation in a large group of patients. Multiple gated ventricular scintigraphy, both at rest and during exercise, overcomes these difficulties, providing a simple, precise, and reproducible technique29 30; it has been shown to enable accurate assessment of ventricular Taylor, Barber, Crossland, English, Wraight, Petch function to be made in the presence of ischaemic heart disease. 153132 The advantages of our study are its prospective nature, the use of a non-invasive technique for the assessment of both resting and exercise ventricular function, and the standard time interval after operation for re-evaluation. Six weeks was chosen because we felt that any effect of surgery would largely have worn off by this time.
Patients with angina pectoris may have normal resting left ventricular function; exercise generally induces a fall, or less than normal increase, in global ejection fraction with the development of abnormal ventricular contraction within the ischaemic segments.73334 This is confirmed in our preoperative study group where 85% of patients showed a fall in exercise ejection fraction; only one of the remainder showed a normal increase of greater than 0-06. As well as global deterioration in ventricular function, impairment in regional contraction occurred in all but three patients.
While beta blockers may be of considerable benefit in some patients with heart disease, several studies have shown their negative inotropic effect. 35 36 Their effect is most frequently seen, and may be most pronounced, in patients with impaired ventricular function,3738 who depend upon an increased sympathetic drive to maintain cardiac output. The negative inotropic effect may even be dose related. 39 In patients with ischaemic heart disease the reported effects of beta blockers are confficting; but because these drugs bring about an improved balance between oxygen supply and demand they may actually improve myocardial contractility, despite their negative inotropic effect on non-ischaemic myocardium. Recent studies using radionuclide techniques have shown that beta blocking drugs have no detrimental effect on ventricular function in patients with ischaemic heart disease, even in those with ejection fractions of less than 0-4040; moreover, improvement has been reported.41 42 In patients like ours it seems likely that beta blockade has little effect on resting ventricular function but it may inhibit exercise induced dysfunction. The fact that our patients continued to experience angina with a fall in left ventricular ejection fraction on exercise implies that the preoperative treatment was not fully effective. So we believe that treatment with beta blocking drugs had no significant influence on our results; had we risked stopping the drugs, then the only difference would have been the lower workloads achieved on exercise before operation.
At the postoperative study resting ejection fraction and regional contraction were unchanged; thus no significant myocardial damage had resulted, reflecting satisfactory methods of myocardial preservation. 43 The improvement in ejection fraction and regional Left ventncular function after coronary artery bypass grafting contractility with exercise indicates that coronary surgery corrects the ischaemic response, shows that symptomatic improvement is the result of improved myocardial perfusion, and emphasises the importance of such an exercise study.
Our work confirms that radionucide ventriculography is useful for assessing the improvement in exercise ventricular function that accompanies successful myocardial revascularisation in patients with ischaemic heart disease. Its objective nature makes it particularly helpful in patients whose symptoms are difficult to interpret. 
